Dietary fibre is responsible for the decrease in the rate of glucose absorption along with aiding decrease in postprandial rise in blood glucose. Substantial research establishes the connection between consumption of wholegrains and type 2 diabetes management. Wholegrains are widely recognized for contributing significantly to our health and well-being as they contain essential nutrients and bioactive compounds, along with being rich in dietary fibre. This review article attempts to discuss the effect of the fibre in wholegrains on blood glucose, type 2 diabetes and HbA1c.
introduction
Obesity is found to be a significant risk factor for type 2 diabetes 1 . Control of body weight by balancing calorie intake, increasing fibre and eating low glycemic index food along with appropriate exercise, to increase calorie expenditure is of major importance. Consumption of dietary fibre may provide protection against type 2 diabetes, mainly because of its soluble fibre fraction, as it is slowly digested and absorbed, thus resulting in reduced insulin demand 2 . Whereas, the insoluble fraction reduces transit time through the gastrointestinal tract 3 , thereby giving carbohydrates less time to be digested and absorbed 4 . Wholegrain foods are rich in dietary fibre, and hence highly beneficial to manage diabetes.
In order to manage type 2 diabetes, we need to limit our saturated fat intake, consume more of monounsaturated fats, along with some amount of polyunsaturated fats, limit sugar and salt intake, and increase vegetable intake. However, apart from these, wholegrains should also be included in the diet. Grains of cereals, for example brown rice, whole wheat, oats, maize, corn etc., contain three main components namely-the endosperm (the middle part of the grain, rich in starch), germ (the innermost part of the grain which gives rise to the embryo) and the bran (the coarse outermost layer of the grain) 5 the endosperm portion is constant, at about 80% of the entire grain.
When grains are milled, most of the nutrients are lost and what remains is only the starchy endosperm of the grain 6 , also known as refined grain. The lost components have important health benefits, such as beneficial effects on glucose metabolism 7 . Wholegrains maybe consumed either whole, for example oats and brown rice, or in the form of cracked wheat such as bulgur wheat or they are used to make flour to prepare food items like bread 5 . When a grain contains more than 51% of its total components (i.e. the germ, bran and the starchy endosperm), by weight per serving, then they can be classified as a wholegrain 8 .
Dietary Fibre
Dietary fibre is defined as the non-starchy indigestible part found in plant sources. Fibre is usually indigestible by the intestinal enzymes and are classified as soluble and insoluble fibre. According to studies, only the water-soluble fibre significantly affects the post-meal glucose concentration and the serum cholesterol concentration. Such fibre is fermented by the action of colon bacteria and that leads to the formation of short-chain fatty acids 9 , such as butyric acid, acetic acid that maybe transported to the liver for energy metabolism. This fermentation process also releases carbon dioxide and hydrogen as byproducts 10, 11 .
Discussion role of Fibre on Blood Glucose
Both the soluble and insoluble fibre fractions are thought to affect type 2 diabetes. Although a few studies showed no differentiation in the response of soluble and insoluble fibre on the management of diabetes 12 .
Soluble fibre binds to water available in the intestine, forming a gel-like matrix, in which it binds and traps glucose, which is then ejected even before glucose can be absorbed. One of the possible hypothesis could be the reduction in the digestive enzymatic activity in the intestinal lumen 9 , or an alteration in hormone secretion by the gut mucosa cells 13, 14 . Another contributing factor could be that the soluble fibre forms a viscous gel in the gastrointestinal tract and consequently delaying transit time 15 , thereby reducing carbohydrate absorption, leading to lesser postprandial blood glucose and insulin levels 16 . The viscous material formed by the soluble fibre restricts the movement of water and glucose to the walls of the intestine, thus resulting in slow absorption of glucose.
A number of research studies demonstrated that consumption of insoluble fibre is inversely related to the risk of type 2 diabetes. Intake of insoluble fibre results in low absorption of carbohydrates, due to its ability to increase the food passage rate through the gastrointestinal tract 16 . However, due to overlap in function between the two types of fibres and difficulty in evaluating the physiological and chemical effects between the two, the National Academy of Sciences has advocated that the terms soluble and insoluble fibre, 'gradually be eliminated and substituted with specific beneficial physiological effects of a fibre 17 . It is of great interest to note that, fibre from fruits and vegetables was found to have no effect on type 2 diabetes risk, according to a large scale epidemiological study (cohort study comprising of 42,759 men). This study found that dietary fibre from whole cereal grains demonstrated substantial decrease in the incidence of type 2 diabetes, whereas, dietary fibre from fruits and vegetables showed no such effect 16 . However, it is important to note that consuming more low GI fruits and vegetables is highly beneficial for managing type 2 diabetes 18 . Fruits and vegetables also have powerful antioxidant properties which are beneficial for type 2 diabetes 19 . impact of Consuming a Diet rich in Wholegrains on Diabetes -the research Adding more wholegrains to daily diet is a healthy choice for the whole family and not just for people with diabetes. Wholegrains are considered to have low glycemic index 5 , and therefore help manage blood glucose levels better. However, one needs to be careful with the portion sizes one consumes, as wholegrains are rich in carbohydrates and may increase the glycemic load if too much is consumed.
Many research studies point out to the lifestyle disease (type 2 diabetes, stroke, heart disease) risk reduction effect of a wholegrain rich diet. Wholegrain foods also keep the gut healthy due to the presence of phytochemicals. Wholegrain foods have a high satiety value as they are rich in fibre and therefore help in weight management 5 .
The way wholegrain foods are hypothesized to work is that they may affect the homeostatic regulation of blood glucose, along with regulating the various functional effects related to the neuro-hormonal responses controlling the glucose homeostasis. The presence of minerals such as magnesium and chromium, phytochemicals, organic acids and enzyme inhibitors in wholegrain foods along with its high fibre content, all work together to influence the digestion and absorption process of carbohydrates 8 .
In 2002, Fung et al., published a prospective study conducted in men, to see the effect of wholegrain intake on type 2 diabetes. In this study men suffering from type 2 diabetes were asked to consume a diet high in wholegrains. This study associated high fibre diet with declining risk of type 2 diabetes 20 .
In another cohort study, healthy men and women (2286 and 2030, respectively) were recruited. Their diet recall and everything they ate between 1966 and 1972 was recorded. During the 10-year followup, it was found that 54 men and 102 women (from a nationwide register) developed type 2 diabetes. Further research into their diet reflected that those who consumed wholegrains were found to have a reduced risk of type 2 diabetes, according to this study 21 . Therefore, this study suggests an inverse relationship between wholegrain intake and the risk of type 2 diabetes.
Another large cohort study (based on 6 cohort study data) on type 2 diabetics was followed up for 12-18 years. They concluded that increasing the wholegrain consumption by two servings everyday was connected with a 21% decline in the risk of type 2 diabetes 22 . Another longitudinal study investigated the outcome of consumption of wholegrain fibre on the risk of type 2 diabetes and other metabolic risk factors. According to this study, those consuming 3 to 5 servings of wholegrains everyday had a 26% reduced risk of type 2 diabetes during the 8-13 year followup 23 . Findings from this study support the claim that increase in wholegrain consumption is beneficial to prevent type 2 diabetes.
role of Fibre intake on HbA1c response
Research suggests that a diet rich in dietary fibre lowers the glycemic load and protects against insulin resistance in some, but not all. This effect is mediated through a reduction in postprandial glucose concentration, insulin demand, and insulin resistance via altering β-cell function.
According to a Cohort study, fibre intake influences the HbA1c levels differently in different genotypes of the TCF7L2 gene. High dietary fibre consumption inversely affected the prevalence of type 2 diabetes only in the CC genotype individuals. CC individuals showed a significant decrease in HbA1c levels, along with a decreased frequency of type 2 diabetes with high fibre intake. The T allele of TCF7L2 gene was found to be linked with raised HbA1c level and increased risk of type 2 diabetes. This effect magnified with high fibre intake. Therefore, according to this study, the protective effect of high fibre intake was seen only among the CC genotype individuals, whereas the TT genotype carriers were deprived of this protection altogether, and the CT individuals showed intermediate results 24 .
The study inferred that dietary fibre consumption may perhaps alter the relationship between TCF7L2 gene and the incidence of type 2 diabetes. Consuming high fibre may provide protection from type 2 diabetes only to the non-risk allele carriers, i.e. CC genotype and not to the CT and TT genotype carrier.
Conclusion
Type 2 diabetes is a complex disease precipitated due to poor lifestyle, genetics and wrong food consumption. Intake of wholegrains is found to benefit reduction in both fasting blood glucose and postprandial blood glucose, due to its high fibre content. Although several studies have reported a protective association between consumption of wholegrains and type 2 diabetes, mainly due to their high fibre content, it is interesting to note that individuals with the genetic background having the TCF7L2 risk allele TT, lack this protection, whereas this protective effect is limited to TCF7L2 non-risk CC genotype carriers. However, according to Hindy et al., (2012) , his observations that the TCF7L2 risk allele TT carriers do not benefit from high fibre intake in reducing their HbA1c, cannot be translated into dietary advice. However, it does raise a question, whether a high fibre intake is beneficial for type 2 diabetes in 'all' individuals.
Wholegrains apart from being rich in B vitamins, minerals and antioxidants have a low glycemic index and high satiety value. Therefore, practicing portion control is easy and glycemic load can be reduced. Wholegrain consumption is recommended over refined grains. But in individuals having TCF7L2 risk allele TT, fibre in the form of isabgol, methylcellulose or wheat dextrin should be avoided so as to prevent risk of type 2 diabetes.
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